Optical radial velocities have been measured for 38 C-type Mira variables. These data together with others in the literature are used to study the differences between optical and CO mm observations for C-Miras and the necessary corrections to the optical velocities are derived in order to obtain the true radial velocities of the variables. The difference between absorption and emission line velocities is also examined. A particularly large difference (+30 km s −1 ) is found in the case of the Hα emission line. A catalogue is given of 177 C-Miras with estimated distances and radial velocities. The distances are based on bolometric magnitudes derived in Paper I using SAAO observations or (for 60 of the stars) using non-SAAO photometry. In the latter case the necessary transformations to the SAAO system are derived. These data will be used in paper III to study the kinematics of the C-Miras.
INTRODUCTION
This is the second paper of three reporting a study of the nature of Galactic carbon-rich Mira variables. An important part of this study will be the analysis of the galactic kinematics of C-Miras. Although there have been extensive radial velocity studies of oxygen-rich Miras both at optical and radio frequencies (see the tabulation in Feast & Whitelock 2000) , the radial velocity work on C-Miras has been much less extensive. For instance, the velocity dispersion of these objects derived by Feast (1989) depended on radial velocities of only 36 stars. The early work is summarized in the catalogue of Sanford (1944) . This, like several other radial velocity studies deals with both variable and non-variable carbon stars. Amongst the papers containing optical radial velocities of C-Miras are those of Smak & Preston (1965) , Yamashita (1974) , Dean (1976) , Walker (1979) , Aaronson et al. (1989 Aaronson et al. ( , 1990 , and those of Sanford (e.g. 1950) and Barnbaum (1992ab, 1994 which are higher resolution studies.
In the present paper we report the optical radial velocities of 38 C-Miras including 18 with no previous published velocity. The stars were selected from previously known CMiras without known radial velocities and from stars in the JHKL programme discussed in Whitelock et al (2005) (paper I). For comparison purposes there was also some overlap with C-Miras having previously measured radial velocity. This overlap includes some stars with radial velocity measures in Aaronson et al. (1989) which have been shown in paper I to be Mira variables. There are also now extensive lists of radial velocities of stars from CO mm observations, most of which are tabulated in Olofsson et al. (1993) , Loup et al. (1993) , Groenewegen et al. (1999) or Groenewegen et al. (2002) . These lists contain velocities for some known C-Miras as well as a considerable number that were shown to be Miras in paper I. The considerable overlap between optical and CO velocities now enables us to carry out an improved discussion of the correction necessary to put the optical velocities on the CO system which is believed to represent the true radial velocity of the star. Not only is this correction needed in the present work but it should be useful in the future since it is now possible to derive optical velocities for C-Miras that are too faint for CO velocity measurements (e.g. those in the Magellanic Clouds and some more distant systems). The optical/CO comparison also yields an estimate of the uncertainty of a typical optical velocity due both to stellar pulsation and observational error. This is important when estimates are being made of the velocity dispersion in a group of C-Miras. Note that a sub-sample of the stars chosen for study as possible Miras in paper I were selected by similar criteria, based on IRAS colours, as were the stars measured for CO velocity in Groenewegen et al. (2002) . We also discuss the corrections necessary to place JHKL observations of C-Miras by others on the SAAO system and use the corrected data to derive bolometric magnitudes of these stars.
OBSERVATIONS
All SAAO spectra were obtained with the Unit Spectrograph attached to the 1.9-m telescope at Sutherland. A SITe 1798x266 pixel CCD with 13 µm pixels was used in the spectrograph camera. An 830 line/mm grating was used in first order with a 300 µm slit to give spectra covering the range, 5600 to 6860Å at a resolution of about 2Å. Comparison Cu/Ar arc spectra were obtained before and after each object spectrum. Several different Carbon stars were observed as standard radial velocity stars each night. These standards were chosen from a list of stars used by Walker (1979) in an earlier extensive radial velocity programme. A mean template was constructed from the spectra of all the standards shifted to zero velocity, and this was cross-correlated with the programme-star spectra as well as with the individual spectra. The resulting mean velocities for the standards are given in Table 1 . This table gives, the name of the object, the velocity from the catalogue of Wilson (1953) , the velocity from Walker (1979), our mean velocity, the dispersion amongst our measures, the difference of our mean from that of Wilson, the number of our spectra and the spectral type from the literature.
Comparison with the catalogue velocities shows that they are well-reproduced by our measurements.
A number of the programme stars and two of the standards showed Hα emission lines. Gaussian profiles were fitted to these and the central wavelengths compared to the assumed rest wavelength, 6562.82Å of Hα. It should be noted that these velocities depend on how well the positions of the comparison arc lines, which are unfortunately sparsely distributed in the region around Hα, were fitted in each individual case. Only the standard, V Oph, was observed on more than one night, but the two velocities obtained agree to 2 km s −1 . The cross-correlation velocities only depend on how well in the mean all arc line positions in the wavelength range used were fitted.
The individual results for all programme objects are given in Table 2 . 
VELOCITY COMPARISONS
Optical radial velocities are generally published in a heliocentric system, as are the new velocities given in this paper ( Table 2 ). The mm CO velocities are published in a system referred to as local standard of rest (lsr). Despite the fact that there is still not general agreement on the motion of the Sun with respect to the circular velocity of galactic rotation at the solar position (see, e.g. Feast 2000) , the value adopted by the CO observers for this quantity is rarely stated. However it appears that they generally adopt a solar motion of 20 km s −1 towards α = 18 h and δ = +30
• (1900). We have therefore converted CO velocities to heliocentric using these values.
It is generally believed that the CO velocities, being derived from a region outside the main pulsating stellar atmosphere, are a good measure of the systemic velocity of the C-Mira. Barnbaum (1992) who carried out high resolution optical work on carbon stars found an offset between her absorption-line velocities and the CO velocities. Her data for C-Miras gives:
for 10 stars with a mean period of 443 days and with a standard deviation of 4.7 km s −1 . Barnbaum (1992) notes that the CO measures are generally consistent to about 1 km s −1 . Thus her results indicate that her mean velocities have uncertainties of about 5 km s −1 . In the currently available sample of C-Miras and using straight means of all the optical measures for each star one finds:
for 23 stars with a mean period of 444 days and a standard deviation of 5.1 km s −1 . In Feast & Whitelock (2000) it was found that the offset of the maser OH velocity from the optical velocity for O-Miras was given by:
This gives −5.3 km s −1 at a period of 443 days, an offset similar to the above values for the CO/Optical difference of C-Miras. In the above and following calculations the optical radial velocity of QS Ori published by Dean (1976) (+9 km s −1 ) has been omitted since in the present paper we find (Table  2) +43 km s −1 and the heliocentric CO velocity is +38 km s −1 . If the sample of 23 C-Miras just discussed is divided by period one finds:
for 11 stars with a mean period of 385 days and a standard deviation of 4.4 km s −1 , and
for 12 stars with a mean period of 498 days and a standard deviation of 6.8 km s −1 . At these two periods, equation 3 predicts −4.5 and −6.2 km s −1 . Although the results for the two period groups of C-Miras do not differ significantly they suggest that the CO -Optical difference is not the same for C-Miras and O-Miras at the longer periods. In view of the above we have applied a correction of −4 km s −1 to all the optical velocities we use in our kinematic analysis. Barnbaum & Hinkle (1995) for 15 spectra with a standard deviation of 5.7 km s −1 . These results are not as clear cut as one might like, but we have chosen to adopt the IR velocities without correction where they are used in the kinematic analysis.
NON-SAAO PHOTOMETRY
In order to derive bolometric magnitudes we need near infrared photometry as well as IRAS/MSX data in the mid-IR. Where possible we have used the SAAO data tabulated and discussed in paper I. For other C-Miras with known periods, radial velocities and mid-infrared data we have taken near infrared observations from the literature. Because C-Miras have different energy distributions in the near-IR to photometric standard stars, it is necessary to consider carefully the transformations between different photometric systems. The following sets of data are useful for the present purpose and satisfactory transformations to the SAAO system can be derived for them : Jones et al. (1990) , Noguchi et al. (1981) , Taranova & Shenavrin (2004) (TS), ESO (Epchtein et al. 1990 , Le Berte 1992 , Fouqué et al. 1992 , Guglielmo et al. 1993 ) and 2MASS (Cutri et al. 2003 All the differences given in this section are in the sense SAAO minus Other.
SAAO minus ESO.
Le published extensive JHKL photometry of a limited number of C-Miras. Nine of these are in common with SAAO. In addition there are extensive, mostly single JHKL, ESO values for late-type stars including some CMiras in Epchtein et al. (1987 Epchtein et al. ( , 1990 , Fouqué et al. (1992) and Guglielmo et al. (1993) . Altogether there are 86 C-Miras in common between ESO and SAAO (84 in the case of L). These yield: ∆J = +0.13 ± 0.11, ∆H = 0.00 ± 0.08, ∆K = +0.06 ± 0.07, ∆L = +0.35 ± 0.05. The mean SAAO J − K for these stars is 4.15. These are the transformations we have adopted. Bouchet et al. (1991) have discussed the transformation between ESO and SAAO as a function of (J − K), though not for C-Miras. Their transformations, extrapolated to the mean (J − K) of the C-Mira sample give: ∆J = +0.09, ∆H = −0.09, ∆K = +0.04, ∆L = +0.01. Within the uncertainties the Bouchet transformations fit the C-Miras for JHK but not at L.
SAAO minus 2MASS.
Although the 2MASS data are generally for a single epoch only, there are sufficient stars (115) in common and a sufficient range in (J − K) colour to divide the sample into three groups according to colour. There is a trend in J and K but not in H. We find:
The uncertainty in these transformations is less than 0.10 mag.
SAAO minus Taranova & Shenavrin.
For northern observations (Taranova & Shenavrin 2004 (TS), Jones et al. (1990) , Noguchi et al. (1981) ) the direct overlap with SAAO observations is too small to be useful. In these cases we have found the transformation to the 2MASS system and then using the results just obtained have derived the transformation to the SAAO system. There are 26 carbon-rich variables in common between 2MASS and Taranova & Shenavrin, though not all of these are Miras. This leaves out CW Leo which is much redder than other stars in the sample. We then find for these stars (SAAO − . These three differences evidently have to be consistent. We finally adopted ∆L = +0.10.
SAAO minus Noguchi et al..
In the case of Noguchi et al. (1981) we have a direct comparison of JHK with SAAO (14 stars), a comparison via 2MASS (17 stars) using the SAAO -2MASS differences, and a comparison via TS (17 stars) using the differences found in the last section. In the mean we find: ∆J = +0.37, ∆H = +0.10, ∆K = +0.10. The value of ∆L, derived directly from 14 stars and indirectly as described in the previous paragraph is +0.06. The relatively large difference at J is perhaps not surprising in view of the narrow, non-standard, filter used (Okuda et al. 1974) . All the results quoted in the above sections should be accurate to 0.10 mag or better. Table 3 lists the mean values of the non-SAAO photometry we have used, converted to the SAAO system. The table lists the stars' name, IRAS number, JHKL data, AV and m bol calculated in the manner discussed in detail in paper I and using the C-Mira PL(K) relation discussed there with its LMC zero-point, the number of near-infrared observations used, the period, a code letter for the source of the period if this was not taken from the General Catalogue of Variable Stars, a code for the source of the photometry, and an indication of whether MSX data were used. 
ADOPTED RADIAL VELOCITIES
In addition to our own radial velocities listed in Table 2 we have searched the literature for velocities of C-Miras for which we have periods and m bol values. The main references were mentioned in the Introduction. Early work (including the pioneering work of Sanford) is listed by Abt & Biggs (1972) . Later compilations (e.g. Duflot et al. 1995 , Malaroda et al. 2000 , Barbier-Brossat & Figon 2000 were also consulted for optical velocities. Additional data were taken from Zuckerman & Dyke (1989) and Metzger & Schechter (1994) . In view of the discussion in section 3 we have given preference to the CO velocity where it is available. Otherwise mean optical velocities were used with the corrections discussed in section 3 and giving unit weight to each measurement. This, for instance, gives high weight to the data of Barnbaum (1992a) who generally had several observations per star. Because of the relatively high resolution she used, her velocities should be of high internal accuracy. All the velocities were converted to the local standard of rest which is discussed in Feast et al. (2006) (paper III) and are tabulated in Table 4 . This table is divided into two sections. The first lists the stars for which SAAO photometry was used and the second, those for which non-SAAO photometry from Table 3 was used. In the table we give the heliocentric distances (d) and corresponding estimated visual interstellar absorptions (AV ) derived as discussed in detail in paper I. The results are given for two slightly different distance scales. Both depend on the adoption of a PL(K) relation. In the first case the zero-point is derived from an adopted LMC modulus of 18.50 and in the second case the zero-point derived in paper III is used. The table gives; the star name, the distances and AV values just discussed, the period, the velocity with respect to our adopted standard of rest and an indication (c or o) as to whether the velocity was from CO mm observations or was an optical (or near-infrared) determination.
EMISSION-LINE VELOCITIES
The optical spectra of C-Miras generally show emission lines at some phases. Hα is often particularly strong. This line may be important in future work on the kinematics of distant (e.g. extragalactic) C-Miras which are too faint to be observed in mm CO. For both O-and C-Miras it is known that emission line velocities are offset from the absorption line velocities. The present observations listed in Table 2 yield a mean difference between the absorption and emission velocities (a -e) of:
a − e = +30.2 ± 1.4 km s for 40 stars of mean period 405 days. These velocities depend partly on emission lines other than Hα (mainly other Balmer lines). However, Sanford (1944) found:
a − e = +20.4 ± 0.9 km s −1 (13) for 34 stars with the emission almost always from Hα. Sanford (1950) gives a similar result for a few well observed stars. He also states that there is perhaps a slight tendency for (a -e) to increase with increasing period.
We have only six stars with a -e values in common with earlier work. These are CL Mon, ZZ Gem, V831 Mon, IQ Hya, R Lep and V Oph. The earlier data for these stars are from Sanford (1944) . These give:
(a − e) = +22 ± 3 km s −1 (14)
For the same stars the SAAO data give:
(a − e) = +37 ± 3 km s −1 .
The difference between the two results SAAO − Sanford = +14 km s
is similar to that given by the mean results above, but of lower weight. The reason for the difference between the present results and earlier ones is not entirely clear. The blue shift of Hα is due at least in part to the mutilation of the emission line by overlying material in the outer parts of the atmosphere (note that in O-Miras Hα is strongly suppressed by this mechanism). One factor that might therefore affect (a -e) is the optical depth of the circumstellar shell which could be greater for our sample than for earlier ones. However, there is no significant difference in the mean values of (K − L) for the set of SAAO stars and for those with earlier (ae) values. Another possibility is that our observations are more randomly distributed round the light cycle than early work, some at least of which will have been concentrated to maximum light where the molecular band strength in the atmosphere is at its weakest. An instrumental effect cannot be entirely ruled out since Hα was measured against an argon comparison spectrum whereas the absorption line velocities were derived by comparison with standard stars (see section 2 above). However, the most likely cause is systematic differences in the way the "centre" of the emission line was defined in view of its mutilation by overlying absorption. This is particularly so in view of the different recording media and mode of measurement. The earlier results were almost all obtained using photographic plates measured visually. Whatever the cause it is clear that it is a rather significant effect and the use of Hα emission to measure the systemic velocity of a C-Mira will require caution. For our present purposes (paper III) this is not a matter of importance since none of the radial velocities we adopt depend on emission line measures.
